Context. Extremely metal-poor (XMP) galaxies are chemically, and possibly dynamically, primordial objects in the local Universe. Aims. Our objective is to characterize the H i content of the XMP galaxies as a class, using as a reference the list of 140 known local XMPs compiled by Morales-Luis et al. (2011) . Methods. We have observed 29 XMPs, which had not been observed before at 21 cm, using the Effelsberg radio telescope. This information was complemented with H i data published in literature for a further 53 XMPs. In addition, optical data from the literature provided morphologies, stellar masses, star-formation rates and metallicities. profiles. An asymmetry in the H i line profile is systematically accompanied by an asymmetry in the optical morphology. Typically, the g-band stellar mass-to-light ratios are ∼0.1, whereas the H i gas mass-to-light ratios may be up to two orders of magnitude larger. Moreover, H i gas-to-stellar mass ratios fall typically between 10 and 20, denoting that XMPs are extremely gas-rich. We find an anti-correlation between the H i gas mass-to-light ratio and the luminosity, whereby fainter XMPs are more gas-rich than brighter XMPs, suggesting that brighter sources have converted a larger fraction of their H i gas into stars. (abridged) Conclusions. XMP galaxies are among the most gas-rich objects in the local Universe. The observed H i component suggests kinematical disruption and hints at a primordial composition.
Introduction
According to the hierarchical paradigm of structure formation, massive galaxies assemble through mergers and cannibalism of smaller systems. Interactions between galaxies and secular processes induce episodes of star-formation. Stellar winds and the death of stars chemically enrich both the interstellar medium and the subsequent stellar generations. In this scenario, extremely metal-poor dwarf galaxies (XMPs) should be common in the early Universe, whereas they should be very rare at low redshift (York et al. 2000; Pustilnik et al. 2005; Guseva et al. 2007; Izotov, Thuan & Guseva 2012; Mamon et al. 2012) . Indeed, one of the most recent searches in the Sloan Digital Sky Survey (SDSS) Data Release 7 (DR7; Abazajian et al. 2009 ) and in literature, has yielded only 140 XMPs in the local Universe, corresponding to 0.1% of the galaxies in the local volume (Morales-Luis, Sánchez Almeida, Aguerri & Muñoz-Tuñón ⋆ E-mail: mfilho@astro.up.pt 2011; hereinafter ML11). In this case, XMPs are defined as having ionized gas with an oxygen abundance smaller than a tenth of the solar value. These XMPs are thus the best local analogs of the first generation of low-mass galaxies formed early on, possessing chemical abundances as close as possible to that of the primordial Universe.
It has been found that local XMP galaxies are commonly star-forming blue compact dwarfs (BCDs), which are characterized by strong emission lines, blue colors, high surface brightness, low luminosity, compactness, and blue and faint optical continuum (Sargent & Searle 1970; Thuan & Martin 1981; Papaderos et al. 1996a, b; Telles & Terlevich 1997; Kunth &Östlin 2000; Cairós et al. 2001; Bergvall & Ostlin 2002; Cairós et al. 2003; Noeske et al. 2003; Gil de Paz & Madore 2005; Amorín et al. 2007 Amorín et al. , 2009 ML11; Lagos et al. 2011; Bergvall 2012; Micheva et al. 2013) .
Furthermore, in 75% of the cases, XMPs exhibit cometary or multi-knotted asymmetric optical structures (Papaderos et al. 2008; ML11) . As a comparison, only 0.2% of the star-forming galaxies in the Kiso survey of UV-bright galaxies (Miyauchi-Isobe, Maehara & Nakajima 2010) are cometary (Elmegreen et al. 2012) .
There are various interpretations for the asymmetric optical morphology of these galaxies. They could be diffuse edge-on disks in the early stages of evolution, with massive star-forming regions viewed from the side (Elmegreen & Elmegreen 2010) , resulting from the spontaneous excitation of gravitational instabilities (Elmegreen et al. 2009 ). Alternatively, these structures may also arise from gravitational triggering due to a merger with a low-mass companion (Straughn et al. 2006) or it may be self-propagation of the star-formation activity within an already existing gasrich galaxy or chemically pristine gas cloud (Papaderos et al. 1998 (Papaderos et al. , 2008 . The large starburst that gives rise to the asymmetry could also be due to the infall of pristine external gas (Sánchez Almeida et al. 2013) .
In the few XMPs where the H i has been investigated with interferometric observations, the H i spatial distributions and velocity profiles are found to be distorted (Ekta, Chengalur & Pustilnik 2008; Ekta & Chengalur 2010a) , indicating infall of external unenriched gas that may feed the starburst and drop the metallicity (Kewley, Geller & Barton 2006) or gas stripping forced by an interaction with an external medium (Gavazzi et al. 2001; Elmegreen & Elmegreen 2010 ). In the latter case, the asymmetric starburst results from the ram compression by the intergalactic medium: gas-rich disks with star-formation at the leading edge and the rest of the disk visible as the tail, or with starformation at the leading edge and a tail of star-formation in the stripped gas. In any case, the study of the dynamical, stellar, ionized gas and neutral atomic gas structure is crucial to disentangle the nature of the XMPs and their association with a particular morphology.
Our team is involved in the full observational characterization of a representative sample of local XMP galaxies. Their H i gas content is particularly important, since these galaxies are expected to have large gas reservoirs responsible for many of their observational properties, including sustaining the current star-formation episode and even diluting the interstellar gas to yield their low metallicity. This work aims at describing and quantifying, for the first time, the H i content of the XMPs as a class.
In Sect. 2.1 we present a compilation of published H i information for the reference list of XMPs in ML11. The existing data were completed with new observations obtained with the 100-meter single-dish Effelsberg radio telescope. The observations, data reduction (following a novel technique) and properties of the detected sources are described in Sect. 2.2. Because derived parameters, such as dynamical masses, rely on ancillary optical data, we have compiled this information from the SDSS optical images and spectra (Sect. 3). Global galaxy parameters are derived combining the H i and optical data, as explained in Sect. 4. The results of our investigation, namely, the description of the H i content of the XMP galaxies with respect to other physical properties, such as the Tully -Fisher relation, are described in Sect. 5. In Sect. 6 we describe properties that rely exclusively on optical data, such as the morphology. Our conclusions are summarized in Sect. 7.
Throughout this paper, we adopt the cosmological parameters Ω m = 0.27, Ω Λ = 0.73 and H 0 = 73 km s
H i Radio Data
The sources presented in this analysis were extracted from the work of ML11, which contains 140 extremely metalpoor galaxies selected from the SDSS DR7 (Abazajian et al. 2009 ), including 11 new XMP candidates, and completed with all the galaxies in literature having an oxygen metallicity less than a tenth of the solar value (explicitly, 12 + log (O/H) ≤ 7.65). The H i gas data comes partly from literature (Sect. 2.1) and is complemented by new observations (Sect. 2.2).
Radio Observations From Literature
53 out of the 140 XMP galaxies possess published H i line observations, 5 of which were non-detections. The H i data were primarily gathered from the Arecibo Legacy Fast ALFA Survey (ALFALFA; Giovanelli et al. 2007 ), H i Parkes All-Sky Survey (HIPASS; Barnes et al. 2001) and The H i Nearby Galaxy Survey (THINGS; Walter et al. 2008) , as well as sources observed with the Nançay Radio Telescope (NRT; Pustilnik & Martin 2007) , the Green Bank Telescope (GBT; Schneider et al. 1992; Hogg et al. 2007) , the Australia Telescope Compact Array (ATCA; Warren, Jerjen & Koribalski 2006; O'Brien et al. 2010) , the Westerbork Synthesis Radio Telescope (WSRT; Kovac, Osterloo & van der Hulst 2009 ), the Giant Metrewave Radio Telescope (GMRT; Begum et al. 2006 Begum et al. , 2008 , the Effelsberg Radio Telescope (Huchtmeier, Krishna & Petrosian 2005) and the Very Large Array (VLA; Thuan, Hibbard & Lévrier 2004) . These observations have yielded typical H i integrated flux densities, S H i , in the 0.1 -200 Jy km s −1 range and line widths, at 50% of the peak flux density level, w 50 , in the 15 -150 km s −1 range. In Table 1 we list the compilation of H i line observations from literature. In addition to the H i integrated flux density, which can be used to estimate the H i mass (Eq. 4; Sect. 4), Table 1 includes the H i diameter, d H i , the systemic heliocentric or local group-corrected radial velocity (optical convention; Eq. 2; Sect. 4), v sys , and the line width, w 50 . The systemic radial velocity is the midpoint of the H i emission-line profile and can be used to estimate a redshift distance using the Hubble law. The line width provides a measure of the Doppler broadening and, together with the H i diameter, can be used to estimate the dynamical mass (Eq. 3; Sect. 4). Original references and observational facilities or surveys are also listed in Table 1 .
Effelsberg H i Observations
Of the 87 sources with no published H i line observations, we chose the subsample of 29 targets, with declinations above −25
• , suitable for the latitude of Effelsberg, and observable during the period July through November 2012.
Observations and Data Reduction
To obtain measurements of the H i flux density, S ν , at frequency ν, we performed pointed observations with the 100-m single-dish Effelsberg radio telescope 1 using the central feed of the 7-beam L-band receiver and the AFFTS Table 1 . Compilation of the H i data from literature for 53 XMP galaxies in the local Universe. Col. 1: Source name. Col. 2: Right Ascension. Col. 3: Declination. Col. 4: H i integrated flux density and error. "<" designates an upper limit. Data from references (a) are corrected for pointing, (b) are flux density-corrected for beam resolution and (h) are self-absorption-corrected line flux densities. Col. 5: H i systemic heliocentric or local group-corrected (⋆) radial velocity (optical convention) and error. Col. 6: H i line width at 50% of the peak flux density and error. Col. 7: H i diameter at a column density of ∼ 10 19 atoms cm −2 . Col. 8: Telescope or survey. Col. 9: Bibliographical reference. backend. The latter is a Field Programmable Gate Array (FPGA)-based Fast Fourier Transform (FFT) spectrometer (Klein et al. 2006) , providing 16k spectral channels over a bandwidth of 100 MHz (spectral resolution of 7.1 kHz). This results in a velocity resolution at 21 cm of 1.5 km s −1 .
Each of the candidate sources was observed for about one hour in on-off mode (effective observing time is ∼30 minutes per source). This position switching allows to remove the effect of the bandpass (i.e., frequency-dependent gain).
The L-band unfortunately features a lot of narrow-band radio frequency interference (RFI) at the telescope site. However, due to the high spectral resolution, the total fraction of each spectrum which is polluted is relatively low. To improve the data reduction further, we applied a simple, but in this case, effective RFI mitigation strategy, where we median-filtered the spectra (5 channel width) and searched for 8σ outliers in the residual (peaks in excess of 8 times the noise standard deviation or rms). The associated spectral channels in the spectrum were subsequently replaced with the median-filtered values.
The spectra have been flux-calibrated using a novel technique (Winkel, Kraus & Bach 2012) , which accounts for the frequency dependence of the system temperature and, as such, provides an unbiased calibration over the full bandwidth. This new method requires good knowledge of the temperature of the calibration diode, T cal , which we have measured repeatedly using the calibration sources NGC 7027, 3C 48 and 3C 147 during the observing sessions in July and November 2012. For the most accurate absolute flux calibration, total-power measurements of the (Galactic) target S7 (Kalberla, Mebold & Reif 1982) were used to fix T cal at the frequency of 1420.1 MHz. The latter usually leads to an uncertainty of less than 3% for the 7-beam system (Winkel et al. 2010 ), while we find a scatter of the individually determined T cal spectra of about 5%, with respect to the average of all T cal spectra.
Using the SIMBAD Astronomical Database, we obtained the radial velocity (heliocentric, converted from the optical to the radio convention; Eq. 2; Sect. 4) value for the sources, in order to directly extract the relevant part of each spectrum. Residual baselines were removed using a polynomial fit. For each resulting profile, the residual rms and integrated flux density of the source, if detected, was determined. The baseline rms can also be used to calculate a theoretical flux limit (σ) for a hypothetical source with a Gaussian-like H i profile of width 2 w 50 = 50 km s −1
(equal to the full width at half maximum, FWHM, for a Gaussian).
Of the 29 observed sources, there were seven (excluding J0014-0044; Sect. 2.2.2) detections (≫ 5σ), three marginal detections (> 5σ), six uncertain detections (∼ 5σ) and 12 non-detections (≪ 5σ). Figure 1 displays H i spectra and SDSS Data Release 9 (DR9; Ahn et al. 2012 ) composite images of the 10 detected sources (including marginal detections) ordered by right ascension, and also of J0014-0044 in the field of UCG 139 (see below). Table 2 contains the Effelsberg H i parameters. In addition to the H i integrated flux density and line width, Table 2 contains the effective observing time on-source, t, the systemic local standard-of-rest radial velocity (radio convention; Eq. 2; Sect. 4), v lsr sys , the 5σ detection limit and a characterization of the H i line profile shape.
Effelsberg H i Properties
The H i integrated flux density, S H i = S ν dν, systemic radial velocities and line widths were derived from the 21 cm baseline-subtracted profiles obtained with the single-dish observations. Typically, the Effelsberg flux density errors are in the range 5 -10%. In the cases where the H i profile is double-horn (J0014-0044 in the field of UGC 139; Fig. 1 and see below; J0113+0052 and J0204-1009), we marked the positions of 50% of the peak on each side of the double-horn profile, and estimated the line width at these points (e.g., Springob et al. 2005) .
Usually H i sources are relatively isolated. However, given the large Effelsberg beam (∼9 ′ ), we have checked the fields in which the XMPs reside, in order to assess possible H i contamination. For this, we have visually analyzed the SDSS DR9 images (Fig. 1 ) in a field of view of about 6 ′ . The results of this inspection are detailed in the list below.
• J0014-0044 -The SDSS image ( Fig. 1) shows a two-knot source next to a large spiral (SBc) galaxy (UGC 139). The NASA/IPAC Extragalactic Database (NED 3 ) has flagged the brightest SDSS XMP knot as a Western H ii region of UGC 139. Indeed, SDSS spectroscopy of the bright knot and UGC 139 put them at a similar redshift of ∼0.01. Furthermore, the H i profile is double-horn symmetric, typical of ordered disk rotation, with a large line width (∼320 km s −1 ; Table 2 ). Therefore, the H i line detected with Effelsberg is primarily associated with the spiral galaxy UGC 139 and the source has been excluded from the following analysis.
• J0015+0104, J0113+0052, J0204-1009, J0301-0052, J0315-0024 and PHL293B -The SDSS images (Fig. 1) show knotted or cometary structures in relatively clean fields. Therefore, we are confident that the detected H i flux density is associated with the XMP galaxies.
2 For different widths the flux density limit scales with √ w50. 3 http://ned.ipac.caltech.edu/
• J0126-0038 and J2104-0035 -These sources show cometary structures (Fig. 1) and are found in fields with nearby stars and small red objects, the latter likely high redshift galaxies. Therefore, it is unlikely that there is contamination of the H i data.
• J2053+0039 -This source ( Fig. 1 ) is found in a SDSS field with nearby stars and small red objects, likely to be high redshift galaxies. However, there is a small blue cloud to the Northwest of the original XMP position (top right-hand corner; Fig. 1) , with a SDSS photometric redshift of 0.17±0.12. The main XMP source has a spectroscopic redshift of 0.01. The large error in the photometric redshift, the close proximity, the diffuse structures and similar colours, has led us to associate these two sources with the XMP, whose morphology is classified as two-knot. The H i data will likely contain information from both these components.
• J2150+0033 -In the SDSS image ( Fig. 1 ), this symmetric XMP shows a nearby galaxy in projection. The SDSS redshifts for the XMP source and the galaxy are 0.02 and 0.06, respectively. Therefore, the H i data is not likely to be affected by contamination.
Auxiliary Optical Data
In order to estimate physical parameters like dynamical and H i gas masses, we have compiled from literature optical sizes, inclinations, distances, g-band magnitudes, H ii gasphase metallicities and other relevant observables. These are included in Tables 3, 4 and 5.
3.1. Distance, Size, Inclination, Magnitude and Metallicity Hubble flow distances (Table 5) , D, are obtained from NED and are corrected for Virgocentric infall. The optical radii (Table 3) , r opt , have been obtained from the SDSS data, as the radii containing 90% of the galaxy light in the gband. When these values are not available, we use NED SDSS r-band Petrosian radii, or the average between the semi-major axis, θ M , and the semi-minor axis, θ m , at the 25 mag arcsec −2 isophote. The inclination angle of the source (Table 3) , i, is computed as:
where q 0 = 0.25, which implicitly assumes galaxies to be disks of intrinsic thickness q 0 (e.g., Sánchez-Janssen et al. 2010) . Absolute g-band magnitudes, M g , have been obtained from the Hubble flow Virgocentric infall-corrected distances (Table 5 ) and SDSS DR7 Petrosian g-band magnitudes (Table 3) , included in Table 1 and 2 of ML11. The g-band luminosity has been obtained from the absolute magnitude, assuming a solar absolute g-band magnitude of 5.12 4 . Metallicity values are H ii gas-phase metallicities ( Fig. 1 . H i Effelsberg spectra (left) and SDSS fields (right) of the detected (including marginal) XMP galaxies. The H i spectra of J0014-0044 is dominated by the H i gas of the nearby spiral galaxy UGC 139 (Sect. 2.2.2). In the spectra, the blue vertical solid lines mark the radial velocity from SIMBAD (heliocentric; converted from the optical to the radio convention), the blue vertical dashed lines mark the regions for the baseline computation and flux density integration, and the red lines represent a smoothed version of the spectrum, using a Gaussian kernel of width σ sm = 21.22 km s −1 . The smoothing kernel was chosen such that the resulting spectral resolution becomes σ res = 21.25 km s −1 , which is optimally suited to detect a (Gaussian) feature of line width √ 8 ln 2 σ res = 50 km s −1 (FWHM). Note that the integrated flux densities and limits were derived from the full-resolution spectra/rms.
Morphology
We have adapted, completed and/or revised, using the SDSS DR9 composite images, the optical morphological classification, based on the simple scheme presented in ML11 -symmetric for a spherical, elliptical or disk-like symmetric structure, cometary for a head-tail structure, with or without a clear knot at the head, and a diffuse tail, two-knot for a structure with two knots, with or without a head-tail morphology, and multi-knot for a diffuse structure with multiple star-formation knots. In Fig. 2 we supply SDSS DR9 postage stamp images illustrating this scheme, while Table 3 includes the individual morphological classification for the XMPs.
We have also parametrized the asymmetric optical morphology, by measuring the degree of optical asymmetry or spatial offset, ∆R/r, in the cometary galaxies (and in some cases, also in two-knot or multi-knot sources with cometarylike morphology) from the SDSS images. ∆R is the difference between the position of the brightest star-formation region and the position of the center of the galaxy (estimated from the outer isophote, measured at 25 mag arcsec −2 ) and r is the radius of the same outer isophote. The results are included in Table 3 . 
Stellar and Nebular Parameters
The Max-Planck Institute for Astrophysics-Johns Hopkins University (MPA-JHU) group provides a number of derived physical parameters 5 for all galaxies in the SDSS (Kauffmann et al. 2003; Brinchmann et al. 2004) . We include in Table 4 the relevant parameters from this database: best-fit spectroscopic redshift, z (heliocentric, optical convention; Eq. 2; Sect. 4), velocity offset of the Balmer, ∆v Balmer , and forbidden, ∆v forbidden , emission lines, and the total stellar mass and star-formation rate (SFR). 1σ errors for the Balmer and fobidden emission-line velocity offsets, and the stellar masses are also provided in Table 4 .
The best-fit spectroscopic redshift is measured using several nebular and stellar lines, via a code developed by David Schlegel 6 . The resulting radial velocity, v z = cz (heliocentric, optical convention; Eq.; Sect. 4; Table 5 ), is a measurement of the average nebular/stellar component ra-dial velocity and shall be designated hereinafter as the bestfit radial velocity.
The MPA-JHU group also provides measurements of the Balmer and forbidden emission-line shifts relative to the best-fit radial velocity, after removing the contribution of the stellar component from the spectra, via stellar population synthesis models. Balmer and forbidden emission-line velocities (Table 5 ) have been calculated from the Balmer and forbidden line velocity offsets relative to the best-fit radial velocity.
The stellar masses are the median of the distribution of the total mass estimates obtained using SDSS model photometry and include a correction for aperture effects and nebular emission 7 . However, we stress that the stellar mass values are uncertain, as they are obtained by converting light into stellar mass via a mass-to-light (M/L) ratio that assumes a constant or exponentially decreas- ing star-formation history. This assumption is, however, not entirely appropriate for BCDs (and therefore also not for XMPs), since the young starburst component in these systems contributes a significant amount to the total Bband luminosity (Papaderos et al. 1996b; also Cairós et al. 2001; Gil de Paz & Madore 2005; Amorín et al. 2007 Amorín et al. , 2009 ). Consequently, stellar mass determinations based on the integrated luminosity and a standard M/L ratio are overestimated by, typically, a factor of 2 (0.3 dex). This, and the strong contribution of nebular (line and continuum) emission in most XMPs (e.g., Papaderos et al. 2008 ; also Papaderos &Östlin 2012) conspires, along with aperture effects, to produce large uncertainties in stellar mass determinations.
In order to have an idea of the potential bias affecting the stellar mass estimates, we have also computed the stellar masses in an alternative way, using the correlations from Bell & de Jong (2001) . We have adopted the calibration obtained by assuming a mass-dependent formation epoch model with bursts, and a scaled-down Salpeter initial mass function (IMF; see their Table 1 ), using the SDSS g − r colours to estimate the stellar M/L values, and therefore, the stellar masses. We note, however, that this method may also suffer from similar uncertainties as those described above, as well as those related to model assumptions.
The colour-determined stellar masses are compared with the MPA-JHU-determined stellar masses in Fig. 3 . There appears to be a break in the one-to-one relation at about log M ⋆ = 7.5 M ⊙ . MPA-JHU stellar masses below this value are underestimated according to the colordetermined value, whereas stellar masses above this value are overestimated. The differences between these two methods of stellar mass determation is, however, rarely above 1 dex.
By default, we use the MPA-JHU-determined stellar masses in the subsequent analysis. However, we also present color-determined stellar mass results when the outcome may depend on the stellar mass determination, in order to have an idea of potential uncertainties. The total SFRs are computed using the nebular emission lines and galaxy photometry 8 . The specific star formation rate (sSFR) is the SFR divided by the total stellar mass.
8 http://www.mpa-garching.mpg.de/SDSS/DR7/sfrs.html
Multi-wavelength Analysis
Combining the H i, SDSS and other online data, we derive global galaxy parameters for the XMP galaxies, including bulk velocities and masses (Table 5) .
When multiple H i entries are available from literature (12 sources; Table 1 ), we preferably chose interferometric values to provide better constraints on the H i gas parameters. Sources HS0122+0743, J0133+1342, J1105+6022, J1121+0324, J1201+0211, J1215+5223 and HS1442+4250 are documented in Pustilnik & Martin (2008) as belonging to merger systems or as having possible companions. This may produce possible H i contamination and consequently (artifically) increase the value of the H i mass.
We do not correct the Effelsberg H i line widths (Table 2) for instrumental effects, turbulence, inclination and redshift stretching; these corrections are estimated to be small at low redshift (e.g., Springob et al. 2005) . Indeed, even if line widths are small and the sources faint (Table 2) , the errors in the line widths are dominated by the much larger errors generated in the estimation of line widths from low signal-to-noise spectra.
The Effelsberg H i systemic radial velocities (Table 2 ) have been converted from the local to the barycentric standard-of-rest using the coordinates of each galaxy. The corresponding velocity corrections range from -30 to 13 km s −1 . The velocities have not been converted from the barycentric to the heliocentric standard-of-rest, since this correction has a maximum amplitude of 0.012 km s −1 , much smaller than the H i gas velocity and velocity offset errors. We further converted the Effelsberg systemic radial velocities from the radio to the optical convention, according to the formula: Table 2 . The H i parameters from our new Effelsberg observations for 29 XMP galaxies in the local Universe. Col. 1: Source name. Col. 2: Right Ascension. Col. 3: Declination. Col. 4: Effective integration time on-source. Col. 5: Systemic local standard-of-rest radial velocity (radio covention). Col. 6: H i line width at 50% of the peak flux density. Col. 7: H i integrated flux density. Col. 8: 5σ error in integrated flux density. Col. 9: Note on detection. Detections are ≫ 5σ, non-detections are ≪ 5σ, marginal detections are > 5σ and uncertain detections are ∼ 5σ. 
where v opt is the systemic radial velocity in the optical convention, v rad is the systemic radial velocity in the radio convention and c is the speed of light. The difference between the radio and optical convention stems from the use of the frequency (radio) or the wavelength (optical) to infer the line shifts. The H i velocity offset, ∆v H i , has been defined as the displacement of the H i systemic radial velocity (heliocentric, optical convention; Tables 1 and 2 ) with respect to the best-fit radial velocity, v z (heliocentric, optical convention; Sect. 3.3 and Table 4 ). The error in the H i velocity offset contains the corresponding error in the H i systemic radial velocity (Tables 1 and 2 ) and a 1 km s −1 error in the bestfit radial velocity determination. When the former is not available, we adopt a value of 5 km s −1 for the H i systemic radial velocity error.
In order to compute dynamical masses, we require H i galaxy sizes. From the H i (Table 1 ) and optical (Table 3) radii, we estimate that, on average, the H i-to-optical size ratio ∼3 for XMP galaxies in the local Universe, which is consistent with the results from literature (Thuan & Martin 1981) . We therefore adopt a value of r H i = 3 × r opt .
The dynamical mass, defined as the total baryonic plus non-baryonic mass contained within a certain radius, is estimated assuming a spherical system in dynamical equilibrium. We have determined the dynamical mass using the formula 9 :
where w 50 is the (uncorrected) H i line width in km s −1 (Tables 1 and 2 ) and r H i is the H i radius in kpc (see above). We stress that the dynamical mass calculated in this way may be an underestimation, since the H i radius may not include the full extent of the galaxy. The H i mass estimate assumes the neutral atomic gas mass to be optically thin (Wild 1952) . The formula 10 for deriving the H i mass is: 
where S H i is the integrated flux density in Jy km s −1 (Tables 1 and 2 ) and D is the Virgocentric infall-corrected Hubble flow distance in Mpc (Table 5 ). The dark matter mass has been estimated as:
where M He , the helium mass, is 0.34 × M H i , the value typical for standard Big Bang nucleosynthesis (Alpher et al. 1948; Coc et al. 2012 ). The error determination in the dynamical mass includes a 20% error in r H i and the corresponding error in the line width (Table 1) . When the latter is not available, we have adopted a conservative error of 5 km s −1 . For the H i gas mass, the error was estimated assuming a conservative error in integrated flux density (10%; Sect. 2.2.2) and the error in the Virgocentric infall-corrected Hubble flow distance, as provided by NED. In the few cases when the latter is not available, we have attributed a conservative distance error of 10%. The helium mass error determination follows from the propogation of the error in H i gas mass. We adopt the 1σ stellar mass errors (Sect. 3.3 and Table 4 ) which, typically, are of the order of 0.5 dex (Fig. 3) . For the dark matter mass, the final error estimation includes the error in dynamical, H i gas, helium and stellar mass.
All quoted velocities are in the heliocentric standardof-rest and in the optical convention. Correlations found in literature for absolute B-band magnitudes have been converted to absolute g-band magnitudes using the standard SDSS conversion factors (e.g., Jester et al. 2005) .
Unless otherwise explicitly stated, metallicities refer to H ii gas-phase metallicities (Table 3) .
We call attention to the six sources with the lowest g-band luminosity -UGC2684, DD053, LeoA, SextansB, UGCA292 and GR8. These are all nearby (D < 6 Mpc), low-surface brightness galaxies, that also turn out to be XMPs.
Results
In this section, and in Fig. 4 -12 , we present the properties of the XMP galaxy class, particularly the H i content. All plots use a common color code to parametrize the morphology. The morphological color code is red for symmetric, black for cometary, blue for two-knot, green for multi-knot and grey for sources with no morphological information.
H i Line Profile -Optical Morphology Relation
If we include the three marginal detections (and exclude J0014-0044), H i Effelsberg integrated flux densities range from 1 to 15 Jy km s −1 and (uncorrected) line widths range from 20 to 120 km s −1 (Sect. 2.2 and Table 2 ). The line profile shapes are varied ( Fig. 1 and Table 2 ) -two sources show asymmetric double-horn profiles, one source shows a symmetric single-peak profile and the remaining seven have asymmetric single-peak profiles. Double-horn profiles are typical of disk rotation, while single-peak profiles may arise from non-rotation, face-on disk rotation or preponderance of random motions (relative to ordered motions) in the gas. An asymmetry in the line profile suggests an asymmetry in the kinematics or possible companions (Fig. 1, Tables 2 and  3 ). We have excluded the latter hypothesis in the case of the Effelsberg observations (Sect. 2.2.2). In the two double-horn sources, the highest intensity and/or widest peak occurs on the (spectral) blue side (Fig. 1) .
The optical morphology of the Effelsberg targets shows the varied nature of the optical structures ( Fig. 1 and Table 3 ) and an association with the H i line profile ( Table 2 ). The two asymmetric double-horn profile sources show cometary or multiple star-formation knots in the SDSS images. The remaining asymmetric singlepeak sources are cometary (five sources), multi-knot (one source) or two-knot (one source), while the only single-peak symmetric source has a symmetric optical morphology. We find that an asymmetry in the H i kinematics, as suggested by the H i line shape, is systematically associated with an asymmetry in the optical morphology. Figure 4 contains the relation between the mass of the different XMP galaxy constituents and the absolute g-band magnitude.
Mass -Luminosity Relation
Though the scatter is large, a trend is observed between the (dynamical, H i and stellar) mass and the luminosity, reflecting that the more massive galaxies are more luminous. The largest deviations occur at low luminosities, in the low-surface brightness, nearby galaxies UGC2684, DD053, LeoA, SextansB, UGCA292 and GR8. At a given stellar mass, these galaxies are significantly offset to lower luminosities compared with most XMPs.
Mass-to-Light Ratio
The XMP (H ii gas-phase) metallicity and absolute g-band magnitude are plotted as a function of the stellar (M ⋆ /L g ) and the H i Fig. 5 , where we have excluded the dynamical M/L ratio for clarity.
The M H i /L g and M ⋆ /L g ratios measured for the XMPs are typically 10 and ∼0.1, respectively. The lowest luminosity XMPs -UCG2684, DD053, LeoA, SextansB, UGCA292 and GR8 -have M H i /L g > 10. The estimated M ⋆ /L g ratios likely reflect the M/L ratios of the galaxy templates used as input in the photometry fitting-based stellar mass determinations (Sect. 3.3). Papaderos et al. (1996b) have determined the average M/L ratio of the star-forming component in BCDs to be ∼0.5 (orange line; top; Fig. 5 ). This ratio (and its large scatter) has been confirmed in several subsequent studies (e.g., Cairós et al. 2001 ; Gil de Paz Amorín et al. 2007 Amorín et al. , 2009 ). We recall that nearby XMPs are commonly found to be BCDs (Sect. 1). These values can be compared to the typical stellar M/L ratios observed in star-forming galaxies (< 1; cyan line; top; (Faber & Gallagher 1979) .
Regarding the absolute g-band magnitude versus the M H i /L g ratio (bottom; Fig. 5 ), we confirm previous published results found for a sample of dwarfs (cyan line; bottom; Fig. 5 ; Staveley-Smith, Davies & Kinman 1992). We find an anti-correlation between the M H i /L g ratio and the luminosity, whereby fainter XMPs are more gas-rich than brighter XMPs. The result suggests that the less luminous sources have converted a smaller fraction of their H i gas into stars. However, our sources deviate from the observed correlation found for dwarf galaxies (cyan line; bottom; Fig. 5 ; Staveley-Smith, Davies & Kinman 1992) particularly at low luminosities, which correspond to the low-surface brightness, nearby galaxies UGC2684, DD053, LeoA, SextansB, UGCA292 and GR8. In this low luminos- Fig. 5 . The H ii gas-phase metallicity and g-band magnitude of the XMP galaxies as a function of the stellar and H i gas M/L ratio. The color code parametrizes the morphology as follows: red = symmetric, black = cometary, blue = two-knot, green = multi-knot and grey = no morphological information. The symbol code is
the plot includes a range of stellar massto-light ratios found in spirals (magenta line), lenticulares (cyan dashed line), dwarf irregulars (orange dashed line) and ellipticals (magenta dashed line), an upper limit found in star-forming (cyan line) galaxies (Faber & Gallagher 1979) and an average value (orange line) found for BCDs (Papaderos et al 1996a) . Bottom: we plot in cyan the H i gas M/L ratio-to-luminosity correlation found for dwarf galaxies (Staveley-Smith, Davies & Kinman 1992). ity regime, the XMP galaxies appear to be 10 to 100 times more gas-rich than typical dwarf galaxies.
Mass Fraction and Dark Matter Content
Figures 6 and 7 show the relation between the mass and the mass fraction of the different XMP galaxy constituents. In the figures, we mark the one-to-one (magenta line; top; Fig. 6; Fig. 7 ) and 0.1 × Mass (cyan line; top; Fig. 6 ) relation for reference. We recall that the dynamical mass estimation is a lower limit (Eq. 3; Sect. 4) and that the dark matter content is the fraction of dynamical mass which is not stellar, H i or helium mass (Eq. 4; Sect. 4). In 12 of the sources with H i and dynamical mass determinations, M H i > M dyn by less than 0.5 dex (top ; Fig. 6 ); these sources shall be excluded from the following discussion.
Typically, the stellar component constitutes less than 5% of the total (baryonic and non-baryonic) mass in the XMP systems (middle; Fig. 6 ). The H i gas mass fraction, relative to the dynamical mass, falls typically between 20 and 60% (middle and bottom; Fig. 6 ), higher than the values found in late-type systems (4 -25%; Young & Scoville 1991). Moreover, the H i gas mass is 10 to 20 times larger than the stellar mass (middle; Fig. 6; Fig. 7) , denoting that XMPs are extremely gas-rich. As expected, this ratio depends on the stellar mass estimate. If we use the colordetermined stellar masses (Sect. 3.3 and Fig.3) , the H i-tostellar mass ratios fall, typically, to about 5 -10 (Fig. 7) , which are still large values. As a comparison, H i gas-tostellar mass ratios in excess of 100 are observed in some of the lowest metallicity BCDs (Pustilnik et al. 2001) , while ratios of less than 4 are commonly observed in spirals and irregulars (Swaters 1999; Dalcanton 2007) .
Although our statistics are poor (16 sources), the values for the putative dark matter content in XMPs show a wide range, with a peak at 65% of the dynamical mass, and skewed to higher values (bottom; Fig. 6 ). These latter estimates are typically larger than those observed in the inner parts of spirals (10 -15%; magenta dashed line; bottom; 
Effective Yield
Supernova-driven outflows or accretion of external gas may be partially responsible for the observed low metallicities in XMP galaxies (e.g. Kunth &Östlin 2000) and in lowmetallicity starbursts (Amorín, Pérez-Montero & Vílchez 2010; Amorín et al. 2012a) . In a closed box model (no inflow or outflow), as the gas is converted into stars, the gas mass fraction decreases and the gas metallicity increases. Deviations from this model, signaling outflow or inflow, are investigated using the effective yield (e.g., Dalcanton 2007):
where Z gas is the fraction of the gas mass in metals and f gas is the gas mass fraction, defined as the H i, helium and metal mass divided by the total (H i, helium, stellar and metal) mass. For a galaxy that evolves as a closed box, the effective yield must coincide with the theoretical yield, y, derived from stellar evolution models (e.g., Edmunds 1990) . Therefore, differences between y and y eff provide a direct tool to diagnose gas inflows and outflows.
Figure 8 (top) shows the effective yields of the XMPs as a function of the gas fraction (as defined above), for MPA-JHU-and color-determined stellar masses (Sect. 3.3 and Fig. 3 ). The yields were computed assuming the metallicity from the optical emission lines (Table 3) to be the metallicity of the H i gas, i.e., Z gas ≃ 12×O/H (e.g., Pilyugin, Vílchez & Contini 2004) . Figure 8 (top) also shows, for reference, the effective yields for the set of spirals and dwarf irregular galaxies compiled by Pilyugin, Vílchez & Contini (2004) . The gas fraction from Pilyugin, Vílchez & Contini The magenta and cyan dashed lines are, respectively, the range for dark matter mass fractions in spiral and elliptical galaxies. The theoretical oxygen yield is log y ≃ -2.4 (magenta line; top; Fig. 8 ; Dalcanton et al. 2007; Meynet & Maeder 2002) , which coincides with the average effective yield of the gas-poor galaxies in the reference set, as is expected to happen in chemical evolution models, when the gas is exhausted (Köppen & Hensler 2005; Dalcanton 2007 ). However, many XMPs have yields which largely exceed the theoretical limit. There are two ways in which this excess could be explained. Either the theoretical yield of our XMPs is significantly larger than that of regular spirals, or the metallicity of the H i gas is much lower than the metallicity of the ionized H ii gas.
Regarding the former explanation, a dependence of the IMF on the metallicity may play a role (e.g., Bromm & Larson 2004) . In particular, a top-heavy IMF will increase the oxygen yields by significant amounts (e.g., Meynet & Maeder 2002 ). The second possibility, which we explain below, is the extremely low metallicity of the H i gas, that must be much lower than the already low metallicity measured in the H ii regions of the XMPs.
When the gas mass fraction is large, as is the case in XMPs, one can easily show the effective yield to be the ratio between the mass of metals in the gas, Z gas M gas , and the stellar mass:
where M gas stands for the mass of the gas. This expression shows how difficult it is to increase the effective yield beyond the theoretical yield because, taken at face value, y eff > y implies creating more metals than those allowed by the stellar evolution that produced the mass in stars. However, if the gas metallicity has been overestimated by a significant amount, this would artificially increase the effective yields (Eq. 7). In other words, the large effective yields that we infer may be easily explained if the H i gas is mostly pristine (Thuan, Lecavelier des Etangs & Izotov 2005) , with a metallicity much lower than the already low metallicity measured in the gas forming stars at present (H ii gas-phase metallicity; Table 3 ).
As a sanity check, we have also computed y eff using the color-determined stellar masses (Sect. 3.3 and Fig. 3; top;  Fig. 8 ). Equation 6 shows how an increase in stellar mass decreases y eff . However, it does not suffice to explain the observed y eff > y, in most cases.
The H i gas metallicity reproducing both the theory and observations can be estimated assuming that the mass of metals in the H i gas coincides with the mass of metals produced by the stars, i.e., y = Z gas M gas /M ⋆ . The ratio between the effective yield and the true yield is then given by the ratio between the metallicity measured in the H ii regions, Z H ii , used to compute y eff , and the true H i gas metallicity, Z H i (bottom; Fig. 8) . Explicitly:
The results show that the ratio Z H ii /Z H i falls, typically, between 1 and 10 (bottom; Fig. 8 ). This is in agreement with the findings of Lebouteiller et al. (2013) on the metallicity of the H i gas in the XMP prototype, IZw18. The H i region abundances were found to be lower by a factor of ∼ 2 compared to the H ii regions, and it may contain pockets of pristine gas, with an essentially null metallicity.
Mass -and Luminosity -Metallicity Relation
The mass -metallicity relation, or equivalently the luminosity -metallicity relation (for similar M/L ratios; Lequeux et al. 1979) , reflects the fundamental role that the mass plays in galaxy chemical evolution. We recall that the metallicity pertains to the H ii gas-phase metallicity (Table 3) . Besides the mass -metallicity relation for the XMPs, Fig. 9 (top) includes the empirical relations for extreme starburst galaxies called green peas (magenta line; top; Fig. 9 ; Amorín, Pérez-Montero & Víchez 2010) and for extremely metal-poor BCDs (cyan line; top; Fig. 9 ; Papaderos et al. 2008 ). The latter is determined from the luminosity of the underlying host, after the subtraction of the starburst contamination using surface photometric techniques, and therefore, refers to the stellar mass.
The XMP galaxies show a large scatter in the massluminosity relation, with a significant fraction of the stellar mass points falling to the left of the correlations (top; Fig. 9 ). This is similar to what is found in more distant lowmetallicity galaxies (e.g. z > 0.1; Kakazu, Cowie & Hu 2007; Amorín, Pérez-Monteiro & Vílchez 2010). Furthermore, for a given dynamical mass, the measured metallicity is low, suggesting the presence of pristine material.
In the bottom figure (Fig. 9) we include the luminosity -metallicity relation for the XMPs, the correlation for a sample of dwarf irregular galaxies (magenta line; bottom; Fig. 9 ; Skillman, Kennicutt & Hodge 1989 ) and for a sample of SDSS star-forming galaxies (cyan line; bottom; Fig. 9 ; Guseva et al. 2009 ), linearly extrapolated to fainter magnitudes and lower metallicities.
We observe that most XMPs follow a similar slope to that observed for dwarf irregular and SDSS star-forming galaxies (magenta and cyan line; bottom; Fig. 9 ; Skillman, Kennicutt & Hodge 1989; Guseva et al. 2009 ), but are too Fig. 8 . The effective yield and the H ii-to-H i metallicity ratio of the XMP galaxies as a function of the gas mass fraction. The color code parametrizes the morphology as follows: red = symmetric, black = cometary, blue = twoknot, green = multi-knot and grey = no morphological information. Top: the symbol code is • = XMPs with MPA-JHU-determined stellar masses, • = XMPs with colordetermined stellar masses, = spiral and = irregular galaxies. The spiral and irregular galaxy data were obtained from Pilyugin, Vílchez & Contini (2004) . The magenta line represents the theoretical yield limit for a closedbox model. Bottom: the symbol code is • = XMPs with MPA-JHU-determined stellar masses and • = XMPs with color-determined stellar masses.
metal-poor for their luminosity. The largest deviations from the correlation occur at low luminosities, corresponding to the low-surface brightness, nearby galaxies UGC2684, DD053, LeoA, SextansB, UGCA292 and GR8. In this low luminosity regime, the inverse situation occurs; the XMPs are underluminous for their metallicity.
Mass -and Luminosity -Tully -Fisher Relation
The Tully -Fisher (TF) relation (Tully & Fisher 1977 ) is an empirical correlation found for spiral galaxies, reflecting the fact that the bigger or brighter the galaxy, the faster it rotates. Indeed, all galaxies are found to follow the same baryonic mass -TF relation, including low-surface bright- . Bottom: the figure shows the luminosity -metallicity relation found for a sample of dwarf irregular galaxies (magenta line; Skillman, Kennicutt & Hodge 1989 ) and for a sample of SDSS star-forming galaxies (cyan line; Guseva et al. 2009 ). ness (LSB) galaxies, that contain a large amount of H i gas (e.g., van de Kruit & Freeman 2011).
As pointed out in Kannappan et al. (2002) , the dispersion in the TF relation, particularly regarding the dwarf galaxy population, is mainly related to recent perturbations in their evolution, which is consistent with Kassin et al. (2007) and de Rossi, Tissera & Pedrosa (2012) , who argue that the dispersion and residuals correlate with the morphology and kinematical indicators. Figure 10 (top) contains the luminosity -TF relation for the XMPs, together with the empirical relation found for early-and late-type dwarf and giant galaxies (cyan and magenta line, respectively; top; fainter and slower rotating galaxies. We note that the 1σ lower limit for the late-type dwarf and giant luminosity -TF relation (magenta dashed line; top; Fig. 10 Rijcke et al. (2007) to w 50 , assuming a Gaussian shape for the line profile, such that v circ = 1.52 × w 50 /2 (e.g., Gurovich et al. 2010) .
The majority of the XMP galaxies follow the luminosity -TF relation (top; Fig. 10 ) within 1σ, with a wide spread in luminosity. However, differences are particularly large in the lowest luminosity targets, which correspond to the low-surface brightness, nearby galaxies UGC2684, DD053, LeoA, SextansB, UGCA292 and GR8. Indeed, for a given stellar luminosity, the line widths are too broad compared to late-and early-type giant and dwarf galaxies. In these sources, the main support against gravity comes from random motions rather than from rotation (e.g., Carignan, Beaulieu & Freeman 1990) . The stellar mass points fall generally below the (stellar) correlation, with a large scatter. The majority of these points are not within 1σ of the (stellar) correlation; their stellar masses are unusually low for their potential wells. This is comparable to what has been observed for BCDs (Amorín et al. 2009 ). In simulations performed by de Rossi, Tissera & Pedrosa (2010) , it is shown that the tendency for slowly rotating galaxies (low-mass systems) to lie below the stellar mass -TF relation can be explained by the action of supernova feedback and stellar winds.
The XMPs do follow the baryonic mass -TF relation; a correlation is present between the line width and the H i gas and the baryonic mass, as expected for extremely gas-rich galaxies (e.g., McGaugh et al. 2000; Gurovich et al. 2010 ). These results suggest that the H i gas is largely virialized and may be partially rotationally supported.
Velocity Offset
In Fig. 11 we investigate the presence of velocity differences (offsets) between the H i gas, Balmer emission lines and forbidden emission lines, measured relative to the bestfit radial velocity (Sect. 3.3 and Tables 4 and 5). We plot only non-zero velocity offsets. Balmer line, forbidden line and H i velocity offsets are only considered reliable if the offset is larger than 3 times the respective error (Table 4 ). The error in the H i gas offset is dominated by the error in the systemic velocity estimation, which is typically 5 km s −1 . However, H i offsets lower than the intrinsic H i gas velocity dispersion in a dwarf galaxy (typically ∼10 km s −1 ) were considered unreliable. Best-fit (spectroscopic) redshift errors for these sources are quite low (e.g. Maddox et al. 2013) , resulting in best-fit radial velocity errors of about 1 km s −1 . Furthermore, because of the typical velocity disper- (Table 4) . However, in 60% of the sources with H i gas and optical data, we find a small offset (10 -40 km s −1 ) between the systemic velocity of the H i gas and the best-fit radial velocity (top; Fig. 11 ; Table 5 ; e.g. Maddox et al. 2013) . We have verified the SDSS DR9 images to find that the majority of these sources are cometary or knotted (Table 3) and that the SDSS fiber position for the spectra is generally located at the head or at the brightest star-forming knot, not at the center of the XMP system. We recall that the spatial offset we defined (Sect. 3.2 and Table 3 ) is a measurement of this displacement. Therefore, this could, in principle, explain the small velocity offsets observed between the H i gas and the nebular/stellar emission. However, we find no evidence for a correlation between the spatial offset and the H i gas velocity offset (bottom; Fig. 11 ). The result suggests that the H i gas and the nebular/stellar component are not tightly coupled in these XMPs.
In the three XMP sources where the H i gas, Balmer line or forbidden line offsets are larger (> 50 km s −1 ), we searched the SDSS DR9 and radio continuum (NVSS and FIRST; Condon et al. 1998; Becker, White & Helfand 1995) fields (6 ′ radius) for potential galaxy contaminants. We discuss these below.
• J0301-0052 -This cometary XMP (Table 3 ) has been observed with Effelsberg (Table 2) and shows a large H i gas offset (∼100 km s −1 ; Table 5 ). We had previously discarded H i contamination (Sect. 2.2.2) by checking the SDSS spectroscopic or photometric redshifts of the neighbours and found no sources within 200 km s −1 of the target. In addition, the nearest radio continuum source (NVSS) present in the field is about 1 ′ away and has a flux of 3.2 mJy. The SDSS has classified this source as a starburst at a redshift of 0.0073 (Table 4) The fact that the SDSS spectra has been taken at the head of the cometary structure could explain the large velocity displacement relative to the H i gas.
• SDSSJ1025+1402 -This red symmetric (Table 3 ) source shows Balmer and forbidden line offsets in excess of 60 km s −1 (Table 4 ). The neighbouring sources in the SDSS field show typically lower redshifts, which discards possible H i contamination, and the nearest radio continuum source (NVSS) lies 5 ′ away. The SDSS classifies this source as a broad-line quasar at a redshift of 0.1004 (Table 4) . The [N ii]λ6584Å/Hα and [O iii]λ5007Å/Hβ ratios put this source in the realm of star-forming galaxies in the BPT diagram. However, the red color, broad Hα line, large redshift and large instrinsic luminosity indicate that the source may host an Active Galactic Nuclei (AGN; Izotov, Thuan & Guseva 2007) . The interaction of the AGN jet with the Narrow Line Region (NLR) may explain the Balmer and forbidden line offsets.
• J1644+2734 -This disk-like symmetric (Table 3 ) source shows a large forbidden line offset (-140 km s −1 ; Table 4 ). Sources in the SDSS field show higher radial velocities, which discards possible H i contamination, and the nearest radio continnum source (NVSS) is at a distance of 3 ′ . The SDSS classifies this source as a quasar at a redshift of 0.0232 (Table 4) 
. The [N ii]λ6584Å/Hα and [O iii]λ5007
A/Hβ ratios put this source in the realm of composite galaxies in the BPT diagram. The disk-like morphology, associated with the presence of broad Hα emission indicate that the source may host an AGN (Izotov, Thuan & Guseva 2007) . The large forbidden line offset may be the result of Fig. 11 . The velocity offset of the XMP galaxies as a function of the best-fit radial velocity and spatial offset. The H i, Balmer emission-line and forbidden emission-line velocity offsets, ∆v H i , ∆v Balmer and ∆v forbidden , respectively, are the displacements of the H i systemic radial velocity, Balmer lines and forbidden lines with respect to the best-fit radial velocity, v z (Sect. 3.3 and Table 5 ). Only non-zero values are plotted. The color code parametrizes the morphology as follows: red = symmetric, black = cometary, blue = two-knot, green = multi-knot and grey = no morphological information. The symbol code is • = ∆v H i , = ∆v forbidden and △ = ∆v Balmer . The magenta line defines the null velocity offset.
cloud motion in the NLR, as a result of the interaction with the AGN jet.
See Izotov, Thuan & Guseva (2007) for a discussion on the presence of broad-line emission and AGN in XMP galaxies.
Complementary Results From Optical Data

Optical Morphology
Our optical morphological classification scheme (Sect. 3.2; Table 3 ; Fig. 1 and 2 ) has yielded 27 symmetric, 60 cometary, 11 two-knot and 18 multi-knot galaxies. Of the 116 out of 140 sources with SDSS DR9 information, ∼80% show asymmetric (cometary, two-knot or multi-knot) optical morphology. This result puts on a firm statistical base the association between XMP galaxies and cometary morphology, noted by Papaderos et al. (2008) and quantified by ML11.
From Fig. 4 -12, we observe that the multi-knot sources show the broadest range in galaxy properties, with the lowest/highest dynamical, H i and stellar masses, (H i gas and stellar) mass fractions and (H i gas and stellar) mass-tolight ratios, faintest/brightest magnitudes and the narrowest/widest line widths of the XMP galaxies. Figure 12 contains the SFR and sSFR as a function of the stellar mass.
Star-Formation and Specific Star-Formation Rate
The XMP SFRs (top; Fig. 12 ), which measure the global star-formation rate, are similar to those typically observed in BCDs (log SFR ∼ -3.6 -0.4, for log M ⋆ = 6 -10 M ⊙ ; Sánchez Almeida et al. 2009 ). However, more luminous BCDs can show SFRs up to 60 M ⊙ yr −1 and sSFRs up to 10 −7 yr −1 (Cardamone et al. 2009; Amorín et al. 2012b ; also Izotov, Guseva & Thuan 2011) . The XMPs SFR values are lower than the range of SFRs that are typically observed in the disks of large spiral galaxies (< 20 M ⊙ yr −1 ; magenta line; top; Fig. 12 ; Kennicutt 1998) . Given the positive correlation between the SFR and the stellar mass (top; Fig.  12 ), this is expected, given the low masses of the XMPs.
Regarding the sSFR (bottom; Fig. 12 ), we observe a wide range of values. We find some high sSFRs compared to local SDSS samples (Tremonti et al. 2004 ; also Peeples, Pogge & Stanek 2008 ). The timescale to double their stellar mass, at the present SFR, 1/sSFR, is typically lower than 1 Gyr, smaller than the age of the galaxies, if we assume that they are about the age of the Universe (∼ 14 Gyr; e.g., Caon et al. 2005; Amorín et al. 2007 ). This implies that XMPs are now undergoing a major starburst episode, which can not be sustained for very long.
Conclusions
We have investigated the H i content of local XMP galaxies as a class, using the 140 sources compiled by ML11. These sources were selected either as showing negliglible [N ii] lines in the SDSS DR7 (Abazajian et al. 2009 ) spectra, or H ii gas-phase metallicities smaller than a tenth the solar value.
53 of these galaxies have published H i data, providing integrated flux densities and line widths in the range 0. Table 2 ). Effelsberg integrated flux densities are in the range 1 -15 Jy km s −1 and line widths cover a wide spectrum (20 -120 km s −1 ). The Effelsberg line profiles are varied; one source shows a symmetric single-peak profile, seven show skewed single-peak profiles, demonstrating an asymmetry in the kinematics of the H i gas, and two show asymmetric double-horn profiles ( Fig. 1 and Table 2 ). Combining the optical morphology with the H i line profile shapes (Fig.1, Tables 2 and 3) , we find that the double-horn sources are associated with multiknot or cometary optical morphology. Single-peak asymmetric profiles are associated with either cometary, twoknot or multi-knot morphology, while the single-peak symmetric profile is associated with a symmetric source. We Fig. 12 . The SFR and sSFR of the XMP galaxies as a function of stellar mass. The color code parametrizes the morphology as follows: red = symmetric, black = cometary, blue = two-knot, green = multi-knot and grey = no morphological information. Top: the magenta line provides the upper limit to the SFRs typically observed in the disks of local spiral galaxies.
conclude that an asymmetry in the H i gas line profile is systematically associated with an asymmetry in the optical morphology (Sect. 5.1 and Fig. 1) .
When the new Effelsberg and literature data are taken together, typically, the estimated dynamical, H i and stellar masses are in the range 10 6.5−10.5 , 10 6.5−9.5 and 10 6−9 M ⊙ , respectively (Sect. 5, Fig. 6 and Table 5 ). H i gas-to-stellar mass ratios are about 10 -20 (Sect. 5.4, Fig. 6 and 7) . We find that brighter XMPs have converted a larger fraction of their H i gas into stars (Sect. 5.3 and Fig. 5 ). Moreover, M ⋆ /L g ratios are found to be on average 0.1, whereas M H i /L g ratios may be up to 100 times larger (Sect. 5.3 and Fig. 5 ). Therefore, we conclude that local XMP galaxies are extremely gas-rich. The H i gas and stellar mass constitute 20 -60% and <5% of the dynamical mass, respectively (Sect. 5.4 and Fig. 6 ). Furthermore, dark matter mass content (Sect. 5.4 and Fig. 6 ) spans a wide range of values for XMP systems, but in some cases it accounts for over 65% of the dynamical mass, higher than the values determined for spirals and ellipticals (10 -50%; Swaters 1999; Borriello, Salucci & Danese 2003; Cappellari et al. 2006; Thomas et al. 2007; Williams et al. 2009 ).
The global SFRs (Sect. 6.2, Table 4 and Fig. 12 ) in XMPs are found to similar to those found in typical BCDs (Sánchez Almeida et al. 2009 ). The apparent low SFRs are due to the lower stellar masses of the XMPs, because the sSFRs (SFR per unit mass) are high and are, on average, higher than those observed for local galaxies (Tremonti et al. 2004) , with timescales to double their stellar mass, at the current rate, of typically less than 1 Gyr.
XMPs are found to fall off of the mass -and luminosity -metallicity relations (Sect. 5.6 and Fig. 9 ) found for BCDs (Papaderos et al. 2008) , extreme starburst galaxies (Amorín, Pérez-Montero & Vílchez 2010) , SDSS starforming galaxies (Guseva et al. 2009 ) and dwarf irregulars (Skillman, Kennicutt & Hodge 1989) , signaling the presence of pristine material. XMPs generally uphold the baryonic mass -and luminosity -TF relation (Sect. 5.7 and Fig. 10) found for samples of late-and early-type dwarf and giant galaxies (de Rijcke et al. 2007 ). The results suggest that the H i gas is partly virialized and may contain some rotational support. However, for the lowest luminosity XMPs, most of the gravitational support comes from random motions.
The effective yield of oxygen in XMPs is often larger than the theoretical yield (Sect. 5.5 and Fig. 8 ). This is unusual and suggests that either the theoretical yields are underestimating the production of oxygen in these lowmetallicity environments, or the H i gas metallicity is 0.1 -1 times that measured in the H ii regions. This second possibility is in agreement with the recent work of Leboutellier et al. (2013) We have also completed and/or revised the optical morphological classification presented in ML11, bringing up to 83% the percentage of classified sources (Sect. 3.2, Sect. 6.1, Fig. 2 and Table 3 ). Of the 116 sources with SDSS imaging, ∼80% present an asymmetric optical morphology, signature of asymmetric star-formation. 27 galaxies show a symmetric spherical, elliptical or disk-like structure, 60 present a clear head-tail cometary morphology, 11 show a two-knot structure, and 18 present a multiple knot structure due to the presence of multiple star-forming regions. Velocity offsets between the H i gas and the nebular/stellar component have also been investigated (Sect. 5.8, Table 5 and Fig. 11 ). We find that in 60% of the XMPs with H i and optical data, small displacements (10 -40 km s −1 ) occur and these do not correlate with the morphology. This result suggests that, in these sources, the H i gas is not highly coupled to the nebular/stellar component.
We conclude that XMP galaxies are extremely gas-rich, with evidence that the H i component is kinematically disturbed and relatively metal-free.
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